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THE DEVBLOPMSITT OP A NEW lATERAL-CONTHOL AaSAH&EMENT 



By Paul S. Baker 
SUMMAHY 



Development work on an arrangement using ailerons and 
spoilers for lateral control was carried out the Vought- 
Sikorsky Aircraft Division of the United Aircraft Corpora- 
tion on a small commercial airplane in flight and on an 
airfoil in s wind tunnel. Spoiler hinge moments were re- 
duced by aerodynamic Ijalance. The arrangement- ws s then 
huilt into an experimental airplane and further improve- 
ments were adopted as the result of flight and tunnel 
tests . 

The use of ailerons for lateral control with flaps 
up, spoilers with flaps full down, and gradual trahsitjion 
as the flaps are lowered was found to provide lat eral' con- 
trol under the flight conditions for which they were "best 
suited. The ailerons were of short span, permitting the 
use of long-span flaps, and were drooped to a relatively 
large angle when the flaps were deflected. A high maximum 
lift coefficient was thus attained. Vith large control 
deflections in the intermediate flap-angle range and 
spoiler effectiveness near neutral improved "by "ventilat- 
ing" the spoiler, the lateral control was satisfactory for 
the experimental airplane and was a definite improvement 
over that of a conventional control arrangement. 



INTRODUCTION 



The improvement of lateral control of airplanes at 
low speed has engaged the attention of engineers and re- 
search workers for someAime. A rather difficult problem 
in lateral control was ' pre s ent ed "by the r ea.ui rement s of 
an observation airplane designed by the Chance Vought 
Aircraft Division of United Aircraft Corporation. The 
over-all dimensions were strictly limited; a low stalling 
speed was required; and excellent lateral control was de- 
sired. In order to use a monoplane arrangement with rea- 
sonable aspect ratio, a maximum lift coefficient of about 
2.3, power off, had to be realized to obtain the required 
stalling speed of about 50 miles per hour. In order to 
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oljtaiii this high lift, the flaps would need to Ise of long 
span, which would necessitate short-span ailerons. The 
tests descrioed in reference i indicated that a monoplane 
arrangement with a deflector-plate flap was feasihle. A 
monoplane arrangement had an ojDvious advantage in perform- 
ance over the alternative solution, a more lightly loaded 
biplane arrangement. 

The problem in question was to obtain satisfactory 
lateral control in flight up to the stall, that is, up to 
the maximum lift of the airplane in flight. The object 
of the development was to insure that adeo^uate control 
moments were available up to the stall. It was appre- 
ciated that an additional necessary condition for satis- 
factory lateral control is that damping' in roll exist. A 
straight leading edge, low aspect ratio, and low taper 
ratio of the wing were considered to be sufficient items 
to include to avoid premature loss in damping in roll 
through an early stalling of the tip ;secti ons . 

At the time the work was started, very little infor- 
mation was available on the aerodynamic requirements of . 
lateral-control devices. Aileron and lateral-control de- 
sign were on rather an empirical basis. The work of Weick 
and Jones ( r ef erenc e . 2 ) published about this time made 
clear, however, how the motion of an airplane could be 
calculated if its derivatives were known. 

Flight experience on a conventional biplane equipped 
with high-lift flaps giving a fairly high maximum lift 
coefficient showed the importance of providing a high 
rolling moment and keeping the adverse yawing moment low. 
It was apparent that an arrangement would have to be pro- 
vided on the projected airplane to produce a much larger 
rolling-moment coefficient at high angles of attack tha.n 
would be available with conventional ailerons and that the 
ratio . of the adverse yawing moment to the rolling moment 
should be kept at a very low value, • 

Wind-tunnel tests provided data for a preliminary ar- 
rangement of controls. The arrangeaent was tested and 
gradually improved on a test airplane. Tinally, an experi- 
mental airplane incorporating the lateral-control device 
was constructed and test flown. 

The tests -were carried out by the Chance Vought Air- 
craft Division (later the Vought -Sikor sky Aircraft Divi- 
sion) of United Aircraft Corporation during 1S37-39. 
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CorTDorstion under Mr. H. B. Beisel 



WINS-TUKiTEL TESTS 



Two general series of arrangements were tested in 
the M.I.T. wind tunnel: Comhinations of conventional ai- 
lerons of 0.20c with various rearwardly located upper and 
lower surface plain spoilers were tested, .including the 
effect -of drooping the ailerons on their effectiveness; 
tests were made of special spoiler arrangements developed 
at Sikorsky Aircraft in conjunction with the deflector- 
plate flap described ' in reference 1. The results of the 
tests were studied in connection with the tests reported 
by the NACA in references 3 to 6. It was concluded that 
sufficiently large rolling moments with low adverse yaw- 
ing moments could be obtained and that flight tests would 
be necessary for further development of the projected ar- 
rangement. 



.JlilGHT TSSTS 



The preliminary design of a lateral-control arrange- 
ment to be adapted to a small commercial airplane was 
arrived at from the test results and the method of analysis 
outlined in reference 2. 



As stated in the Introduction, the lateral-control 
arrangement wfs first tested on a Fsirchild airplane, the 
5'-24G, which will ds termed the "test" airplane. The final 
design and the su^bseguent modi f ioati ons were incorporated 
in an "experiEentf. 1 " airplane, the X0S2U-i. An attempt 
was made to have the arrangement on the test airplane as 
close as possible to that foreseen for the experimental 
airplane. The following factors were kept in mind, in ad^ 
dition to those related to the production of control mo- 
ment s : 

1. The drag increment added to the wing with 

flaps up 

2. The rigidity and simplicity of construction 

3. The adaptability for modification during test 



The Test Airplane 

Orig inal arrangement .- Tests totaling ahout 7 flight- 
hours were made to develop a testing technio^ue and to ob- 
tain characteristics of the unmodified airplane (that is, 
as received from the manufacturer) for use as a basis in 
evaluating results. The aileron-control characteristics 
of interest- were rolling effectiveness , stick force , and 
adverse vav . The test method-s used were rather crude but 
more accurate data could have been obtained only by the 
use of expensive and complicated instruments. 

The rolling ppi'/er was determined by meppuring the 
time rea^uired for the airplane to bank to a certain angle 
at various stick deflections at a given air speed (see 
fig. 8), keeping the rudder fixed at neutral. 

A simple spring indicator installed on the top of 
the stick showed the amount of stick force. The stick- 
force indicator is. shown in figure 9. The pilot trimmed 
the airplane at the selected speed, applied the stick 
against a previously set stop. and, while the airplane was 
rolling, noted the force required to just hold the stick 
against the stop. The results are plctted'in figure 10. 
The. stick-position indicator shown in figure 9 could have 
been used instead of the stops with some sacrifice in 
accuracy . 



The magnitude of the adverse yawing moment was roughly 
evaluated lay noting the amount that the "bank-indicator hall 
departed from center and the amount that the nose of the 
airplane moved in an opposite sense to the roll. Another 
method, "but one that was discontinued "because of the time 
involved, was to determine "by trial and error the amount 
of rudder necessary to counteract the adverse yawing moment. 
(See fig. 11. ) 

The critical conditions for lateral control, espec- 
ially for rolling effectiveness and adverse yaw, occur at 
low speeds. The stick forces, of course, are critical at 
high speeds. The t ime-t o-'bank and the adverse-yaw tests 
were therefore run at an air speed slightly a'bove t-he 
stalling speed. This speed was high enough that stalling 
or f low^sepafation effects did not enter into the results 
"but low enough that it could "be regarded as a low gliding 
speed. Snough runs were made at a higher speed to indi- 
cate the trend of the varia"bles with speed. 

Modifi e d arrangement ". - Th e arrangement selected for 
the initial set-up consisted of flaps and ailerons both of 
the deflector-plate type and "both arranged to "be deflected 
(drooped) 50° "by separate cranks. A spoiler was installed 
just forward of the ailerons; An additional short-span 
spoiler, which could "be joined to the main spoil-er, was 
provided ahead of the oufb'oard end of the flaps. (See 
fig. l(a ). ) ■ 

A method was devised "by Mr. H. B. 3eisel for operat- 
ing the spoiler, up only, one side at a time. By means of 
a Watt's linkage (figs. 2 and 3) a movement of the stick 
to the right from neutral would deflect the right spoiler 
upward while the left spoil-er remained stationary, and 
oppositely for the left" movement . The control for the 
deflector-plate ailerons was set up with a conventional 
differential; the drooping was so accomplished "by a worm- 
and-sector arrangement that the relation "between stick 
and aileron angles measured from the stick-neutral posi- 
tion was unchanged by drooping the ailerons. 

'The appearance Of the airplane as used in -the flight 
tests after initial modification is shown in figures 4, 
5, and 6. Dimensional data are as follows : 
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■Wing area, squsre feet 193.6 

Wing-span, feet 36.33 

Wing chord, feet . . . 5.50 

Wing aspect ratio 6.83 

Flap area (total, back of hinge), square feet 16.42 

Flap- span (total), feet . < 14.06 

Flap chord, feet 1.17 

Maximum flap deflection, degrees 50 

Aileron area (total), square feet 17.70 

Aileron span (total), feet 15.18 

Aileron chord, feet 1.17 

Maximum aileron droop, degrees . . . . . . . 50 

Spoiler area .(total), square, feet ..... 12.43 

Spoiler span (total), feet 20.66 

Spoiler chord, feet .60 

Spoiler hinge location, percent wing chord . 68.1 



* to ^ 



, v/hich W.9 s 



also hinged fore and aft and could "be secured in the 
spoil ermeutral position; the ..flap and the aileron droop 
operating cranks; and the detachable link provided .for . 
tests with combined spoilers and ailerons. 

After the preliminary tests with the initial setrup, 
the t^st airplane was successively modified by 27 changes 
to the spoilers and ailerons, tests being made to determine 
the improvement. Flight tests with the modified airplane, 
both of lateral-control and flap characteristics, occupied 
11' weeke. and involved 48 flights. 



The same general methods were 
the modified airplane as were used 
original airplane except that only pilot's 
on adverse yaw were made and, in general, the number of 
points for stick-force and rolling-effectiveness measure 
ments were kept at a minimum. No adjustable stops 
provided for the spoiler control but the spoiler 
tipns.were read from an indicator located just 
windshield . . 



used in the tests of 
in the tests of the 
ob servat i on s 



were 
deflec- 
above the 



The effects of flaps, spoilers, ailerons, and aileron 
djroop were all qualitatively explored under different con- 
ditions. In -the modified arrangement, deflector-plate 
flaps were used as both flaps and ailerons. The tendency 
of the spoilers to ride up to a high floating angle above 
the neutral setting was eliminated by the installation of 
a shield below the spoiler, as shown in figure 1(b). In 
an attempt to reduce the spoiler hinge moment, aerodynamic 
balance was tried as shown in figure l(c). 
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In general, the spoilers were effective in producing 
roll with little or no adverse yaw. The stick forces were 
relatively high. The effectiveness of the spoilers was 
greater with flaps and ailerons down than with them up, 
and their effectiveness seemed to increase at low speeds. 
With flaps down, the spoilers wer« pverhalanced near neu- 
tral, T3ut the tendency toward overhalance was eliminated 
"b;/ the shield shown in figure l("b). The test data were 
used to evaluate, hy the method of reference 2, the 
spoiler rolling-moment coefficient obtained with, flaps and 
ailerons down. Somewhat higher values were obtained than 
would he indicated from the data of references 4 and 5, 
obtained without a slotted flap behind the spoiler. The 
belief that the flap slot immediately behind the spoiler 
increased its effectiveness was confirmed, bjr wind-tunnel 
tests. 



great 



bal 



cerned with the reduction of stick forces. The basic 
ance arrangement shown in figure l(c) is similar to the 
nose balance used on ailerons. Various modifications were 
tried to smooth out the. curve, but the desired linear curve 
of stick force with deflection was not reached. A re- 
rigging of the control, system to limit the spoiler deflec- 
tion from 70° to 40° reduced-the stick force. Experience 



indicated that some departure, from the 
stick force and effectiveness could be 
powerful lateral control were gained. 



linear variation in 
tolerated if a more 



The rolling effectiveness near neutral was low and a 
"dead spot" existed for about 2° of stick travel. The in- 
effective range was reduced to 1° by decreasing the maxi- 
mum spoiler deflection to 40°. The range was reduced with 
the aileron slot closed but closing was considered unad- 
visable because it was neces.sary to have the flap and the 
aileron slots open for their favorable effect on maximum 
lift and spoiler effectiveness at moderate and large de- 
flections. The poor effectiveness was not a case of lag 
or sluggishness; when the spoiler deflected outside 

the short ineffective range, the airplane began immediately 
to roll. Typical results obtained with the spoilers are 
shown in figures 12 and 13. On account of the relatively 
good performance of the spoilers with flaps and ailerons 
down and their relatively poor performance at higher 
speeds with flaps and ailerons neutral, it was decided 
that in the experimental airplane the use of the spoilers 
would be restricted to the flaps-down condition and the 
ailerons would be used for control with the flaps up. 
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The- deflector-plate ailerons were fov!.nd to be adequate 
as s control when th'ey .were not drooped hut their stick 
forces were very heavy. When the ailerons were drooped, 
the stick forces ■became progressively lighter and were 
Qverhalanced when the . ail erons were droo-ped beyond; an angle 
of about 22°. At droop angles greater t-h^n 20° with the 
flaps down and at low speeds, their effect in producing ad- 
verse yawing moment "waa just about as great as their effect 
in producing roll, and they were entirely unsatisfactory as 
a control. The flaps caused, a marked reduction in the 
stalling speed of the airplane; a maximum lift coefficient 
of .about 2.4, power-off, was obtained with flaps down 
and an. aileron droop angle of 35°. In an attempt to re- 
duce the aileron stick forces, the ailerons were modlfie-d 
by changing the section; the deflector-plate was removed- 
and the nose shape was changed. Although more nose -bal- 
ance was provided than on the original P-34 airplane, the 
stick force was high. This high stick fores was .taken to 
indicate that the hinge axis should be located within the 
airfoil -contour. 

A few tests were made with a combination of the 
spoilers and the a.ilerons, a link being used to join the 
two control • sticks . ' The characteristics' of the combina- 
tion appeared to ■ b e approximat ely the t ot a! of the sepa- 
rate controls in 'respect to rolling effectiveness, stick 
forces, and adverse yaw. I.t _ wa s fojind th_at ;-defl_e£t i on of 
the spoiler tended ta make the aillgxi^n behind "it ride up, 
contributing to a reduction of stick force for the combi- 
nation. 



The main conclusions arrived at from the tests of the 
F-24 (test) airplane -are : . 

1 i- Spoilers of the approximate type and proporti ana 

tested gave s-at isf act cry and much greater rolling effec-- 
tiveness- than drooped ailerons at high lif t .-cioef f icients . 
with the flaps down. . . . 

2. .With the hinge line qf the spoilers at the chord 
1 ocst ion test ed , the lag was negligible, ■ ' . ■ • 



iili 




-.3. j The under surface of the spoil er& ..should be sepa- 
ratedor shielded from the air flow through -the. -fl arp or,, 
ail eron : si ot to prevent overbalance near • ne-utral» • ■ 

4. The ef f ectiveness . of -.the spoilers . was greatest 
with .the flaps and jdlerons down and was much less with 
the flaps and the ailerons up. 
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5. The effectiveness of the spoilers was appreciahly 
greater with the^slot open than with the slot closed. The 
shield did not critically 
moving the trailing edge of 
ing edge of the shield also 



affect this characteristic, and 



"the 
had 



spoiler ahead of. the trail- 
no critical effect. 



6. The effectiveness of the spoilers near neutral 
tended to he low and therefore the control linkage should 
he designed to move them up from their neutral position 
as rapidly as posslhle consistent with avoiding undesir- 
ahle inertia effects. 

7. A satisfactory control can he obtained hy . a com- 
hination of spoilers and ailerons, 

8. The adverse yawing moments from the spoilers with 
the flaps down were low and. were much lower than those 
from drooped ailefosis. 



9. Although it may "be difficult to ohtain a 

variation of stick fprce and rolling effectiveness with 
stick deflection, some departure from linearity 
tolerated in view of the other desirable 
control. 
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The' Experimental Airplane 

A study of the results of the test airplane led to 
the final decision that on the experimental airplane 
spoilers would be used for lateral control with flaps 
down for landing and ordinary ailerons would be used for 
control with flaps up for cruising. An arrangement that 
gave a continuous and gradual shift from aileron control 
to spoiler control as the flaps were deflecte'd was found 
to be possible. 

A diagram of the spoiler and aileron arrangement in- 
stalled on the experimental airplane is shown in figure 14. 
The aileron design was a compromise based on a normal 
hinge location and was intended to have reasonably low 
hinge moments and a reasonable slot when drooped. The 
aileron chord back of the hinge was 20 percent and the 
nose-balance length and shape were such that a contracting 
slot was provided for all aileron deflections to about 35° 
down. 
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The spoiler shape was simplified and the spoiler was 
moved sufficiently far forward to provide for a complete 
separation from the aileron or flap slot and for a down- 
ward movement of 3i° into the wing. The 3° movement made 
it possible to start the spoiler moving in the upward 
direction before the neutral position was reached and gave 
apprepiahly higher spoiler deflections' for small stick 
movements near neutral than could otherwise have "been o"b- 
tain-ed. (See fig. 15.) The linkage installation is shown 
.in figure 16; the position is for the spoiler neutral. 

As a result of tests in the Sikorsky wind tunnel, a 
simple vane was decided upon as a "balance. Provision was 
made in the lower surface of the wing to receive a vane 
mounted on arms attached to the spoiler; the size of the 
vane could be changed during the modifications. 

The size and the deflections of the control surfaces 
were computed as suggested in references 3 and 7, using 
as a basis the results of the Sikorsky wind-tunnel tests, 
the flight tests on the test airplane, and the NACA tests 
reported in references 4, 5, and 6. The data in reference 
7 for the "average airplane" were used to determine the re 
quired rolling-moment coefficients, correcting Lp for 

taper and aspect ratio. A criterion of required wing-tip 
displacement of 4.2 feet in 1.0 second was adopted. The 
ailerons were of 32 percent semispan and were designed to 

give a rolling-moment coefficient that would satisfy the 



criterion for low speeds with the flaps up. The spoiler . 
span Ms.s 41 percent of the semispan, as shown by the 
following dimensional data: 

Wing area, square feet 261.9 

Wing span, feet . 36.0 

Wing aspect ratio ' . . .• . . . - 4,9 

Wing taper ratio (tip chord to root chord) . .59 

Wing mean aerodynamic chord, feet 7.45 

Flap area (total, back of hinge), square feet 35.1 

Flap span (total), feet ........... 19.7' 

Flap chord, percent wing chord ' . 21,2 

Maximum flap deflection, degrees ....... 40 

Aileron area (total, back of hinge), square 

feet. ................. 13.4 

Aileron span (total), feet ... . . .... 11.5 

Aileron chord (constant, back of hinge), feet 1.35 

Maximum aileron droop, degrees 30 

Spoiler area (total), square feet . . . . . 9.98 
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Spoiler span (totsl), feet 14.7 

Spoiler chord (average), percent wing chord 10.3 
Spoiler hinge location (average), percent 

wing chord • • 58.0 

- c -T 4. • • • / degrees up 50 

Spoiler motion ......... i ^ , 

^ (^degrees down 3 

The lateral-control operating system of the experi- 
mental airplane is. shown- schematically in figure 17. The 
aileron drooping mechanism, the change-over mechanism for 
the shift in control, and the flap mechanism were all 
operated from the same crank. 

The change-over unit -mounted in the airplane is shown 
in figure 18. The unit is rocked laterally "by the pilot's 
control stick atout a fore-and-aft axis through its center, 
The aileron droop is obtained with the unit shown in fig- 

U.X c xf . ei X ciiigciucii b w e-. s Suggested uy Mr. X, G. 

Al "bright . • 

In figure 19 a-re shown the maximum deflection of the 
ailerons and spoilers plotted against flap deflection. 
The total of the aileron and spoiler d-eflection is sub- 
stantially constant between the two end values. If the 
total aileron deflection with flaps up is taken as repre- 
sentative of a satisfactory control for this condition 
and the maximum spoiler deflection is t^^ken as a satis- 
factory control for the flaps-down condition, then to a 
first approximation the control power at intermediate flap 
settings is represented by the combined total aileron and 
spoiler deflections, and satisfactory control is to be 
expected. 

The experimentail airplane as set up for the initial 
tests is shown in figures 20, 21, and 22. It had no 
spoiler balance and had a separate control for the change- 
over unit. After the preliminary .flights , the spoiler 
balance (fig. 23) was installed and the change-over unit 
was connected as shown in figure 17, 

With flaps up the aileron control was very light but, 
in the pilot's -opinion, it was Just on the edge of being 
adequate in power at' low speed. With the flaps down and 
the ailerons drooped 30°, the spoiler control was as 
power.ful as expected and the airplane had exceptionally 
low. adverse yaw. The aii-plane could be rolled from a 
banked turn on one side to one on the other at low speed 
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and high lift coefficient with the rudder free and with 
almost no yawing or sideslipping. For intermediate flap 
deflections the maximum rolling effectiveness was unsatis- 
factory, "being less than with flaps up and appreciahly 
less than with flaps full down. 

The curves of figure 19 show how the total deflec- 
tions were improved in the intermediate flap-setting range 
"by a modification of the differential "bell crank and an 
increase in maximum stick throw in this range. The stick 
forces at the intermediate flap settings were appreciably 
lower than at the extremes owing to the comhined effects 
of aileron over"b3lance at high droop angles, increased 
mechanical advantage of the stick, and effect of the de- 
fleeted spoiler on the up-going aileron. 

With flaps full down and spoilers as the sole control, 
the aerodynamic halance was reasona"bly effective hut the 
control had an unusual "feel." The pilot, however, soon 
"became accustomed to the control and encountered no diffi- 
culty in maneuvering or landing. It was felt that the 
great improvement in control effectiveness (rapid rolling 
comhined. with very low adverse yaw) over that possihle 
with ordinary ailerons more than offset the unusual feel 
ef the control. The feel was definitely not due to lag, 
sluggishness, or inertia effect, 

Flight tests were also made on the unmodified experi- 
mental airplane to determine the variation in stick force 
and time to hank with stick deflection. The results are 
plotted in figures 24 and 25. 

'rfind-tunnel tests were conducted on a rectangular 
wing model with an arrangement similar to the one on the 
experimental airplane. The spoiler characteristics were 
found to he affected by the slot between the flap or 
aileron and the wing. Typical curves showing the effect 
on lift with slot open and closed are shown in figure 26. 
Passages were drilled in the model to conn'ect the "balance 
recess with the spoiler recess and the^model was again 
tested. The improvement with "ventilation" is shown in 
figure 26." The hinge-moment results with thf? ventilated 
spoiler indica.ted that a smoother variation of stick 
force would he obtained, 

Thp spoiler on the experimental airplpne was venti- 
lated by omitting the inner covers over the recesses for 
the spoiler balance and under the spoiler, as shown in 
figure 27,' The appreciable improvement in stick force 
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and rolling effectiveness can -"be , seen "by compsring . figures 
28 and 29 with figures . 24' :,aHd -SSi -which are for the salne 
flight conditioii?* . the ehrVPS- of .iiglirfeS • 25 and 29 are. 
dfswn to he symmetridal about certain points shown on the 
plots* The points haVfe "been t ransf erted td the ol*igin in 
figure 30 where the i'esultS are moire, faii'ly dompai'edi 
When the jnbdificstipns wefe msderi :'the spoiler balance yas 
also reduced ih areaj whid-h: febtiotLhts - for the increase ih 
force "between figures 2A and .26-. . .. 

This new lateral-control arrangement has "been in- 
stalled on the production versions of the same model as 
the experimental airplane (the X0S2U-1 ) . Certain improve- 
ments in the mecJianical arrangement simplified the system 
and an iaproved . spoil er linkage msde possible a more rapid 
rate of spoiler deflection from neutral. In a second ex- 



p er iment al 
droop, and 



model, the operation of the flaps, the aileron 
the chsnge-Qver unit was msde hydraulic. 



The main conclusions arrived at from tests of the 
experimental airplane are: 

1. The lateral-control arrangement developed pro- 
vided a higher max i mum 1 i ft coefficient , a lower stalling 
speed, and a mo^e . effect ive lateral control than could 
have been obtained with ordinary ailerons drooped to a 
reasonable angle. 



2. The 
negligible. . 



drag increase introduced by the spoilers was 



S. The attainment of a high maximum lift coefficient 

made possible the use of a monoplane with greater aero- 
.dynamic efficiency . and performance than would have been 
possible, .with a biplane of larger wing area. 

4. The development is a step in the direction of the 
use of full-span flaps. It utilizes ailerons. and spoilers 

•.^"^ .^•'■^Sbt conditions . for which their characteristics 
. are .bas icaily suited. 

5. The present leteral-control arrangement is par- 
ticularly adapted to relatively small airplanes of low 
aspect /ratio and low .taper ratio. For other types of .air- 
plane .in which control a-t "low speeds, and high lift coeffi- 
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cients is of great importance, it is 'believed that the use 
of ■ the spoiler-type control should he considered, either 
alon-e or in coua'b-ination with- ailerons. 



Vought-Sikorsky Aircraft Division, 
United Aircraft Corporation, 
Stratford, Conn. 
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spoiler operating 
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Figaro 3. -Relation of 

stick and 
spoiler angles of the 
initial set-up of the 
"test airplane. 
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Figure 4. -Flaps aad aileron drooped downward, spoilers neutral, modified 
test airplane. 
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Figure 23.- Spoiler balance for the experimental 
airplane, neutral and deflected. 
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Figure 10 - Variation of stick force with stick angle for the 
test airplane in the original condition. 
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jiigurc 11. -Variation of rudder angls required for specified tanl.ing 
notion with stick angle for the test airplane in the 
original condition. 
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Figure 12. -Variation of stic±: force with spoiler angle for 

various arraagocaents of the test airplane in the 
nodified condition. 
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Figure IS.- Relation of stick and spoiler angles for 
the experimental airplane. 
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Figure 19.-Eelation of naxirrcin control deflections to 
sotting for the ezpcrincntal airplane. 
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Figure 20. -Wing with flaps , ailerons , and spoilers neutral on the 
experimental airplane. 




Figure 27.-SvJller ventilation on tbe experimental airplane. 
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Figure 30.- Comparison of average rates of roll with 

stick angle for the experimental airplane 
with and without ventilated spoilers. 



